Background: Clinical Inertia is defined as "failure of health care providers to initiate or intensify therapy according to current guidelines". This phenomenon is gaining increasing attention as a major cause of clinicians' failure to adequately manage hypertension, thus leading to an increased incidence of cardiovascular events. We performed a systematic review and meta-analysis of randomized controlled trials to determine whether interventions aimed at reducing clinical inertia in the pharmacological treatment of hypertension improve blood pressure (BP) control.
Introduction
Cardiovascular disease (CVD) remains the leading cause of death worldwide. [1] Hypertension (HTN), diabetes, dyslipidemia, and smoking remain the most important modifiable risk factors for CVD. [1] Well-established guidelines outline targets for pharmacological management of blood pressure (BP), glucose, and lipids, [2] [3] [4] and large randomized controlled trials (RCTs) and systematic reviews have shown that adherence to targets significantly lowers the risk of CVD and other adverse health outcomes. [5] [6] [7] [8] [9] However, risk factor modification remains suboptimal, and it is estimated that 47.5% of known hypertensive patients have inadequate BP control in the USA with similar findings observed worldwide. [10, 11] This phenomenon is accentuated in low and middle-income nations where a recent study estimates less than a third of known hypertensive patients receive treatment and less than 10% have controlled BPs. [12] Inadequate risk factor control may be due to a variety of patient and system-specific factors, such as missed appointments, patient adherence, resistance to polypharmacy, and cost of medication. Additionally, HTN is typically asymptomatic, creating challenges for early diagnosis and adherence. [13] Despite the many patient factors, physician prescribing behavior remains fundamental in the appropriate management of patient risk factors. [14, 15] Phillips introduced the concept of "clinical inertia," also known as "therapeutic inertia," as a failure of healthcare providers to initiate or intensify therapy when guidelines indicate doing so. [16, 17] Numerous studies have attempted to identify reasons for clinical inertia in risk factor management, which may be summarized as patient characteristics, physician characteristics, and factors that impact the patient-provider interaction. Patient characteristics include older age, lower life expectancy, multiple comorbidities, particularly psychiatric conditions, and patients who are "near-target" or reaching physician-defined "acceptable" targets. Provider characteristics include lack of knowledge about appropriate goals, high patient volume, and time constraints. [11, 13, 16, [18] [19] [20] [21] [22] [23] [24] [25] In addition, differences in physician risk tolerance, ambiguity, and decision-making within the realm of uncertainty have been suspected to be facilitators of clinical inertia in such settings as multiple sclerosis care. [26] A recent survey of primary care visits of diagnosed hypertensive patients found that treatment intensification occurred in only 16% of those visits. Importantly, medication initiation in diagnosed hypertensive patients occurred in only 26.4% of visits. [24] Thus, appropriate guideline-adherent treatment initiation and intensification of antihypertensive medication is a major opportunity to improve HTN control and reduce CVD risk.
While numerous reviews have identified clinical inertia as a major factor in the undermanagement of HTN, we have yet to understand which interventions, if any, are effective at combating this phenomenon. We conducted a systematic review and metaanalysis to identify whether quality improvement initiatives are successful in overcoming clinical inertia and improving prescriber practices in the management of HTN.
Methods

Search strategy and study identification
Ovid MEDLINE, EMBASE, and the Cochrane Database of Systematic Reviews were searched from the earliest record until October 3, 2017. Search parameters included the MESH term "Hypertension" or "Blood Pressure," and all subheadings, and were combined with the keywords "Clinical Inertia" or "Therapeutic Inertia" (see Document, Supplemental Digital Content 1, http://links.lww.com/MD/C292, which presents the detailed search strategy). Appropriate synonyms and subheadings were included as defined by a medical librarian at the Li-Ka Shing Knowledge Institute, St. Michael's Hospital. It should be noted that "clinical inertia" and "therapeutic inertia" were searched for as a keyword as currently no MESH term exists. This methodology is in line with past studies. [27, 28] Reference lists of relevant reviews and selected studies were screened to identify initial studies suitable for inclusion.
The primary author (TM) screened the preliminary search results to eliminate duplicates. Studies were screened by abstract and excluded if they were not RCTs, did not focus in part on HTN management, or were published in a language other than English. Method papers deemed potentially relevant were searched and replaced with updated citations if available. Two independent reviewers (TM and RJ) then screened the remaining studies. Disagreements among the independent reviewers regarding inclusion decisions were resolved by discussion and consensus, and the senior author (GS) was consulted if necessary.
Study selection
Criteria for inclusion in the review were studies that were RCTs, provided at least 1 measurable outcome that met the definition of clinical inertia, were completed studies, outlined an intervention that was a quality improvement initiative, and written in English. Inter-rater agreement was measured by Cohen kappa at multiple steps throughout the selection process to ensure agreement among reviewers. Bias and study quality were assessed by the Cochrane risk of bias method. [29] 
Outcome measures
Studies selected for inclusion in the meta-analysis were analyzed and all relevant outcome measures were extracted that reflected changes in BP, and measures of clinical inertia. The primary outcome was the percentage of subjects with "controlled" BP as defined by the Joint National Committee (JNC) guidelines at time of study design or by study authors. Secondary BP outcomes included BP measurements at baseline and at study completion, and mean change in BP values. Inertia outcomes included number of treatment intensifications (dosage changes or medication additions), mean number of antihypertensive medications per patient, and adherence measures. When outcomes were reported at multiple time-points, values of the longest follow-up period or intervention length were used.
Statistical analysis
Of the studies included for systematic review, only those that reported percentage of controlled BPs were included in the metaanalysis. Pooled estimates and events rates with 95% confidence intervals (CIs) were combined using the random-effects (DerSimonian-Laird) model. [30] Statistical comparisons were performed using both fixed and random-effects model, and odds ratios (ORs) and 95% CIs were calculated. Funnel plot analysis was grossly symmetrical with the exception of a single outlier. A sensitivity analysis was conducted where the outlying study was removed from the aforementioned comparison models to determine whether significance was retained. The Z test was utilized to determine the significance of pooled ORs. We considered P values of less than 0.05 as significant. The I 2 test was used to assess heterogeneity between studies. An I 2 value of >75% were set to indicate significant heterogeneity in the analysis. [31] All statistical tests were performed using Comprehensive Meta-Analysis Software Suite (Biostat Inc., Englewood, NJ).
Results
Our search returned 474 citations (see Fig. 1 for flow diagram). In all, 296 citations remained after duplicates were deleted. One
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Medicine citation was found to be a protocol paper and the citation for its corresponding RCT was added to the review. [32, 33] Among these, 9 studies met all inclusion criteria. [33] [34] [35] [36] [37] [38] [39] [40] [41] Selected studies were screened for relevant references, yielding 1 additional citation that was included in the data synthesis. [42] Table 1 outlines the extracted information from the ten studies included in the systematic review (see Table, Supplemental Digital Content 2, http://links.lww.com/MD/C292 for description of BP recording method, intervention details and additional study outcomes). Studies originated from the USA, Canada, Germany, and Argentina, and encompassed a total of 26,871 patients. Seven of the 10 study designs were clustered RCTs where randomization occurred at the provider level, and all patients treated by that provider belonged to the same randomized group. The remainder of the studies were randomized trials at the patient level. All studies reported BP outcome measures, although not all studies reported the percentage of patients with well-controlled BP. Other BP outcome measures included systolic BP change and diastolic BP change. Three of the studies additionally reported changes in other cardiovascular risk factors including low-density lipoprotein cholesterol and glycated hemoglobin. [35, 36, 41] Seven of the 10 studies focused primarily on the physicianpatient interaction and employed at least 1 of the following strategies: physician education, physician reminders and feedback, patient education, patient reminders and adherence counseling, and ambulatory BP monitoring. One study employed digital medication offerings (DMOs), edible sensors co-encapsulated with target medications that relay adherence data when swallowed and allow physicians and patients to track compliance. [36] Another study employed "physician peers," who were physician colleagues of patient's primary care providers (PCPs), conducting visits solely to discuss chronic disease and risk factor management rather than a specific presenting complaint. [35] . One study employed a pharmacist-led counseling intervention that also allowed clinical pharmacists to increase antihypertensive medications. The latter 2 studies did not report the percentage of patients with well-controlled BP in the intervention and control groups (CGs), and therefore could not be included in the metaanalysis. Individually, all studies showed a greater percentage of patients with "controlled" BP in the intervention group (IG), indicating that all intervention types resulted in improved control (Table 1) .
Studies varied in overall risk of bias (see Figure, Supplemental Digital Content 3, http://links.lww.com/MD/C292, which presents the individual and summarized risk of bias analyses for all included studies). Specifically, allocation concealment and blinding of participants and personnel were found to be at highest risk of bias among studies. This risk was most prevalent in trials that were cluster-randomized at the provider level. The majority of studies reported results using intention-to-treat analyses, satisfying attrition bias. All studies reported both positive and negative results.
The pooled event rate for the percentage of participants with "controlled" BP was 55% (95% CI 46%-63%) in the IG versus 45% (95% CI 37%-53%) in the CG (Fig. 2) . Both pooled event rates for groups were associated with high degree of heterogeneity (I 2 > 90%). After calculating the weighted pooled ORs from Frias et al, 2017 [36] Cluster RCT (physician randomization)
69 (40, 29) 12 wks USA 56.7/61.6 60%/35% Digital medicine offering (electronic adherence sensor coencapsulated with target medication)
Usual care
Heisler et al, 2012 [41] Cluster RCT (physician group randomization) 4100 (1797, 2303) 14 mos USA 65.3/65.3 31%/30% Pharmacist-led counseling and medication adjustments Usual care
Huebschmann et al, 2012 [37] Cluster RCT (physician randomization) Hyman et al, 2012 [38] Cluster RCT (physician randomization) Margolius et al, 2012 [33] RCT (patient randomization) [34] JNC 7; 67%/51%, P < .001 Patients with change in antihypertensive drugs: 56%/37%, P < .001
The intervention group had significant improvements of systolic BP, diastolic BP, and overall BP control, and this is associated with changes in HTN drugs.
Fiscella et al, 2010 [35] , *
Not reported
Treatment intensification for hypertension: 51%/20%,
Concurrent peer review visits may result in reductions in systolic blood pressure and increased treatment intensification. However, active patient participation is required and high rate of non-adherence (59.6%) is confounding.
(continued ) Heisler et al, 2012 [41] Not reported Per cent patients with medication changes if had pharmacist encounter: 81.2%/61.6%, P not reported Pharmacist-led motivational interviewing for type 2 diabetes mellitus patients with uncontrolled blood pressure did result in reduced inertia. However, by intention to treat analysis, this intervention did not improve blood pressure control as measured by mean systolic blood pressure change.
Huebschmann et al, 2012 [37] JNC 7; 42.7%/37.4%,
Change in overall clinical inertia score:
À29.3%/À10.7%; improvement: 18.6% (85% CI 7.4%-29.7%), change in medication inertia score:
À29.3%/À13.8%; improvement:
15.5% (95% CI 3.5%-27.4%), patients with ≥1 antihypertensive drugs: 63%/58%,
Improvements in inertia mainly related to increasing dosages, not increased number of medications. Improvement in inertia is associated with a non-significant trend towards improvement in BP measurements.
Hyman et al, 2012 [38] JNC 7; 35.0%/31.9%,
Number of treatment intensifications (increases or additions):
There were more medication modifications in the intervention group than the usual care group. Increased medications positively associated with reductions in systolic BP and diastolic BP in intervention greater than in control.
Luders et al, 2010 [39] JNC 7; 56.8%/52.5%, P = .03 % Change in number of anti-HTN drugs: 4.3%/8.7%, P = NS End BP values are not significantly different, but IG achieved goal 2 to 3 mos faster. IG group had slightly less inertia but the difference was not significant.
Margolius et al, 2012 [33] JNC 7; 47.3%/43.6%, P = NS # Number of medication changes per patient:
1.5/1.4, P = NS Home BP titration by the patient does not result in a significant reduction in BP over control (no home titration). However, ambulatory BP monitoring in both groups seems to aid in significantly lowering BP over the duration of the study.
Rinfret et al, 2009 [42] 140/90; 48%/28.6%, 
Home BP monitoring, patient education, and patient adherence and medication support significantly reduced systolic and diastolic blood pressure above control. The intervention was also associated with greater changes in anti-HTN medication prescriptions and the number of anti-HTN medications per patient.
Thiboutot et al, 2013 [40] 140/90; 71.3%/65.6%, P = .31 % with change in antihypertensive drugs:
À0.17%/À0.22%,
Number of well controlled patients did not vary significantly at the end of the study period, but there was a trend towards increased control in the intervention group. IG and IC did not vary significantly in mean blood pressure at the end of the study. Reported data for intervention group is for subgroup that completed peer review visit. 252 patients randomized to intervention group did not complete visit (nonadherence rate of 59.6%).
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Milman et al. Medicine (2018) 97:25 www.md-journal.com each study, there was a significantly higher odds of achieving controlled BP in the IG versus control on both fixed-effect (OR 1.19, 95% CI 1.12-1.27, P < .001) and random-effect (OR 1.41, 95% CI 1.13-1.76, P = .003) models (Fig. 3) . Heterogeneity level in the comparative analysis was moderate (69%).
Visualization of the funnel plot for each of the estimated effects revealed mild asymmetry and 1 study (Frias et al) to be a significant outlier (see Fig., Supplemental Digital Content 4, http://links.lww.com/MD/C292, which reveals a cluster of effect estimates with a single outlier representing Frias et al). Accordingly, we conducted a random-effects model sensitivity analysis where the study by Frias et al was removed, revealing similar odds of achieving controlled BP on random-effects model (OR 1.3, 95% CI 1.1-1.6, P < .001) with a lower heterogeneity level (55%). Table 1 also reveals that quantitatively, some additional measures of clinical inertia such as "number of medication changes per patient," "percent with change in anti-hypertensive drugs," "percent of patients with >1 antihypertensive drugs," "number of antihypertensive drugs per patient," and "number of treatment intensifications" were all greater in the IGs. However, due to the considerable heterogeneity in outcomes used to measure clinical inertia among the studies, a statistical analysis correlating prescriber behavior and BP outcomes could not be conducted.
Discussion
In this systematic review and meta-analysis, we found that interventions aimed at addressing clinical inertia in patient care, predominantly through physician or patient education, may be effective in improving HTN management as measured by percentage of patients with controlled BP. We found a 19% to 41% greater likelihood of achieving BP control among participants exposed to an intervention. These measures represent a number needed to treat ranging from 12 to 23. Moreover, measures of clinical inertia were also improved with intervention; however, there was substantial heterogeneity between studies.
Overall risk of bias among studies included for review is moderate. This is largely due to the difficulty of blinding patients who are given active roles in their care. Additionally, allocation concealment in cluster-randomized trials was not possible in trials that asked physicians to modify their behavior and office practices by offering education, adherence interventions, and counseling, or digital medication offerings. However, it is expected that part of the reason for overall improvement in HTN control among all included studies is greater provider awareness and focus on this health issue. Thus, physician blinding to these interventions in this case may be inappropriate for patient care. The optimal management of vascular risk factors (eg, HTN, diabetes, dyslipidemia/hypercholesterolemia) is considered one of the most effective strategies to decrease the risk of CVDs. [43, 44] Despite available guidelines and evidence from the literature, clinical inertia is ubiquitous to routine practice, and has been identified in many countries across different socioeconomic strata. [34, 39, 45, 46] Critics of the concept of clinical inertia suggest that there are numerous reasons for not intensifying treatment. These include time constraints due to complex patients, patients requiring time to discuss other illnesses, risk factors being managed by another physician, and patient factors such as noncompliance. [22, 47] For BP management, suspected white coat HTN and delaying BP measurements until future visits are additional factors that physicians report as reasons to not intensify therapy. [22] Yet, regardless of the reasoning, nonintensification of therapy can have profound effects on patient health. [48] [49] [50] A study of clinical inertia in postischemic stroke patients found that therapy was not escalated in 30% of cases where office systolic BP measurements exceeded 160 mm Hg, potentially exposing patients to adverse outcomes. [51] Few studies have attempted to address the issue of inertia at the level of the care provider. Interventions that educate physicians about BP targets and provide automated intensification suggestions may target some of the precipitating factors in clinical inertia . [22, 34, 37, 39] Faria et al described a number of possible strategies to address clinical inertia in HTN treatment, including cognitive interventions, large educational programs, and "academic detailing" (one-on-one or small-group teaching sessions). [27] Educational and cognitive interventions have similarly proven to be effective at combating clinical inertia in multiple sclerosis care. [52] Various models of physician education, and also physician feedback were employed in the studies included in this review. [33, 34, 37, 39, 40, 42] Our study has multiple limitations. There was substantial heterogeneity among studies, and differences in intervention type, randomization level, and described inertia outcomes limited detailed quantitative analysis. Nevertheless, we were able to demonstrate a significant difference between groups in a summary measure of BP control. Additionally, all studies showed improvements in inertia markers (eg, increased treatment intensifications, number of prescribed antihypertensives per patient, dosage changes), although these changes could not be analysed due to the limited number of studies. These limitations highlight the need for more well-designed trials addressing interventions to improve physician practice, and greater consensus on appropriate HTN management outcomes.
A further limitation is the challenge in distinguishing between the impact of interventions on clinical inertia from patients' compliance with medication regimens. Previous literature has identified that poor adherence and clinical inertia are independent risk factors for poor cardiovascular risk factor control. [53] However, poor adherence has also been described and selfreported by clinicians as a major contributing factor to inertia. [16, 17] Additionally, Grant et al [54] reported an inverse correlation between medication adherence and clinical inertia, with greater adherence to regimens being associated with more appropriate treatment intensification. However, in a large metaanalysis, there was insufficient evidence to confirm an association between improved adherence to antihypertensives and greater BP control. [55] Furthermore, in patients with resistant HTN, treatment intensification, but not medication adherence, was associated with improved BP control. [56] In our systematic review, the study by Rinfret et al. was the only study to report adherence data for both the control and IGs. There was a significant difference in clinical inertia, but not in adherence, favoring the IG, in addition to significantly greater odds of BP control. Further studies are needed to clarify the relationship between clinical inertia, adherence, and patient outcomes.
Despite the aforementioned limitations, our study highlights the following: the consistency of improved outcomes among participants randomized to interventions addressing clinical inertia, the need for more studies targeting specific factors implicated in clinical inertia, and the value of educational interventions for physicians to assist with risk factor management and provide decision-making reminders.
The present systematic review and meta-analysis should be seen as a call to action for PCPs, and also researchers in the fields of health policy, quality improvement, cardiovascular, and cerebrovascular disease. The limited number of included studies and the heterogeneity among outcomes stress the need for further research in the field. A future direction of inquiry would be to examine administrative and population-level datasets where practices to reduce clinical inertia in HTN management have been employed. Importantly, the studies identified for inclusion in this review are from multiple nations, indicating the worldwide relevance of this phenomenon and the in international interest in finding strategies to combat inertia in risk factor management.
Conclusions
This review and meta-analysis shows that interventional strategies are effective in reducing clinical inertia and improving HTN management. The approach of targeting clinical inertia to optimize patient care is likely broadly applicable, and should be studied in other areas of cardiovascular health. The burden of global CVD is high, and innovative strategies are essential to address physician and patient factors, and ensure that risk factors are optimally managed.
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